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A survey was conducted to determine the distribution of
marine fungi on sandy beaches along the coast of
southern Africa. Foam samples collected from twelve
beach sites in South Africa and Namibia were examined
microscopically for the spores of marine fungi. A total of
38, 1 and 6 species from each of the Ascomycota,
Basidiomycota and mitosporic fungi, respectively, were
identified. Samples indicated that fungi were present in
large numbers on most beaches. While some species
were shown to have a wide distribution, others were
restricted either to warm east coast or to cold west
coast waters. Corollospora fusca was restricted to the
east and south coasts, but numbers were low in the
cooler waters from which spores of significantly small-
er size were collected. Relative abundances of individ-
ual species of fungi showed interesting variations and,
generally, could be related to water temperature around
the coast. Computer analysis using TWINSPAN and
DECORANA revealed that sample sites could be divided
into five regions, viz. extreme west coast, south-west
coast, south coast, wild coast, and KwaZulu-Natal
coast. Information from areas to the north of southern
Africa is needed to provide a more complete picture of
distribution patterns. Marine fungi appear to have an
important role to play in organic matter decomposition
in our sandy beach ecosystems. Management of sandy
beaches should take the role of these organisms into
consideration.
Originally bacteria were considered to be the main decom-
posers in the marine environment (Fenchel 1972,
Ferguson-Wood 1975) and fungi were not thought to have
a significant role (Hanson and Wiebe 1977). However,
there is growing evidence (Fell and Newell 1981) that
marine fungi are important in the decomposition of organic
material. 
Arenicolous fungi are defined as fungi living among or on
grains of sand. This does not imply that they obtain nutri-
ents from the sand itself.
According to Kohlmeyer and Kohlmeyer (1979), the
mycota of sandy beach habitats is not well known and
investigations to date have been largely taxonomic and
morphological. As relatively little research has been con-
ducted on marine fungi in this ecosystem, particularly in
southern Africa, a project was initially conducted to provide
information on the occurrence and distribution of these
organisms (Steinke and Jones 1993). The research on
arenicolous fungi reported in this paper is part of a pro-
gramme to investigate the occurrence and ecological role
of marine fungi in southern Africa.
Materials and Methods
The presence of marine fungi in an area was based on col-
lections of sea foam which is left, often in thick patches, by
receding waves along the tidal line. Kohlmeyer (1966) indi-
cated that fungal spores found in foam give a good indica-
tion of the mycota present in the sand of a particular beach.
At maturity, arenicolous fungi release their propagules into
the water, and these are trapped by air bubbles in the
foam, i.e. the foam acts as a ‘spore trap’. The shapes of the
fungal propagules aid in attaching them to air bubbles,
thereby concentrating them in foam along the shore
(Kohlmeyer and Kohlmeyer 1979). The use of foam sam-
ples is also well established to indicate the mycota present
in freshwater streams (Iqbal and Webster 1973, Ingold
1975, Webster et al. 1994).
Collections of sea foam were made at 12 sites to achieve
a fairly even distribution along the coast of southern Africa
(Figure 1). Collectively the Morgan Bay and Port St Johns
sites were referred to as the wild coast. The results were
obtained from more than one collection at each site. The
minimum number of samples was three (Port Nolloth),
while results from most other sites were based on up to ten
samples collected at different times of the year. Collections
were made by skimming fresh foam from the shore with a
plastic weighing boat, taking care not to include sand or
water with the foam. The foam was then transferred to a
McCartney bottle and preserved in a 4% (v/v) formalin
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solution in a refrigerator to prevent spore germination.
Examination of the foam was made by pipetting a droplet
of the preserved material on to a slide which was scanned
under a 40x objective. Identifications were made with ref-
erence to keys by Kohlmeyer and Volkmann-Kohlmeyer
(1991) and Nakagiri and Tokura (1987). Voucher material
is housed in the private collection of the senior author.
No reliable technique has been devised to quantify these
fungi. Thus, when examining foam samples under the
microscope, a visual rating system was used to estimate
mean fungal spore abundance, with a scale ranging from 1
to 5, where 1 represented a rare occurrence of the fungus
and 5 the maximum number encountered. Although this
system was not completely objective, it has provided an
indication of the relative abundances of the different fungi
at each site.
The data on the distribution of the fungi around the coast
were subjected to a quantitative classification using
TWINSPAN (Kent and Coker 1992) and a number of
groups identified on the basis of floristic composition and
also the abundance estimates. Similarly, an ordination of
the samples was carried out using detrended correspon-
dence analysis (DCA) (DECORANA, Hill 1979). Scatter
plots of the relationships of samples and species were thus
produced to represent these results.
Results
A total of 38, 1 and 6 marine species from each of the
Ascomycota, Basidiomycota and mitosporic fungi, respec-
tively, were identified (Table 1). Spores of a few unidentified,
probably terrestrial, species were also found. There were
apparent gaps in the distribution of spores of some marine
species, e.g. Corollospora gracilis, along the coast.
Generally, collections from the west and south-west coasts
were found to have fewer species than those from the south
and east coasts. While some species, e.g. Arenariomyces
trifurcatus, Corollospora maritima and Nia vibrissa, were
shown to have a wide distribution, others were restricted in
their occurrence either to cold water (e.g. Trailia ascophylli,
Carbosphaerella pleosporoides) or to warm water (e.g.
Antennospora quadricornuta, Savoryella appendiculata).
Corollospora fusca occurred on the east and south coasts,
but numbers were low in the cooler waters of the southern
shores, and spores from the latter area were significantly
smaller in size than those from warmer waters (Table 2).
Microscopic examination of foam samples revealed that,
generally, fungal spores were present in large numbers on
most sandy beaches at all times. Individual species, howev-
er, showed interesting variations in relative abundance with-
in their range (Table 1). Certain species, e.g. Corollospora
maritima, were abundant throughout their range; others, e.g.
Arenariomyces trifurcatus and Nia vibrissa, showed an
increase and decrease, respectively, around the coast from
cold to warm water. Tropical species, e.g. Corollospora fili-
formis, were more abundant in the warmer waters of
KwaZulu-Natal.
The geographical relationships of the taxa are revealed
from an ordination of the data, where the sites are distrib-
uted on the first two axes of DCA (Figure 2). A TWINSPAN
classification of the sites is superimposed on this figure,
showing an initial division of the west coast samples (1–5)
from the south and east coast samples (6–12), and then fur-
ther division of the sample sites by region into five groups.
The five coastal communities and their diagnostic fungal
species responsible for these divisions are evident in the
association table (Table 3). There is a high degree of over-
lap between the species characteristic of the five coastal
regions, and only those in the extreme east and west have
species unique to those sites.
Discussion
This study revealed 45 marine species from subtropical
waters on the east coast through to cold temperate waters
on the west coast. In a similar study investigating spores in
sea foam at 40 sites along the Japanese coastline (from
24°N to 45°N latitude), Nakagiri (1989) identified 27
ascomycetes, 1 basidiomycete and 8 mitosporic fungi. The
fact that there were 24 species common to both studies sug-
gests that many of the arenicolous marine fungi are cosmo-
politan. Further research is necessary. In both studies
Corollospora was the most common genus, of which 16 and
12 species, respectively, were isolated locally and in Japan.
On five taxa isolated locally, further research on their taxo-
nomic position is necessary.
Corollospora sp. 1 is a new species for which additional
material is required before it can be described. Corollospora
sp. 2 closely resembles C. armoricana except that the mean
width:length ratio is not as great. Of interest was the record
of a very large ascospore of a Corollospora at St Francis
Bay (Corollospora sp. 3). This spore was hyaline, 13-sep-
tate, and measured 175µm x 30µm. There is no record in the
literature of a fungus with spores of these dimensions and it
clearly is a new species which will be described when addi-
tional material becomes available. Towards the west, spores
of similar morphology to C. pseudopulchella, only shorter,
were isolated. Similarly, towards the east, spores of similar
morphology to C. quinqueseptata, only narrower and more
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Figure 1: Sample sites around the southern African coastline
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Table 1: Distribution and relative abundances of arenicolous marine fungi along the coast of southern Africa
Taxon Collection sites
1 2 3 4 5 6 7 8 9 10 11 12
Ascomycotina
Antennospora quadricornuta (Cribb & Cribb) 1 1 1 1
Johnson
A. salina (Meyers) Yusoff, Jones & Moss 1
Arenariomyces majusculus Kohlm. & Volkm.- 1 1 1
Kohlm
A. parvulus Koch 1 1 2 3 1 1 5 2
A. trifurcatus Hohnk 1 1 1 1 3 3 3 4 3 2 5 2
Carbosphaerella leptosphaerioides Schmidt 1 1 3 2 1 3 2
C. pleosporoides Schmidt 1 1 1
Ceriosporopsis halima Linder 1 1
C. sundica Koch & Jones 1 1 1
Corollospora angusta Nakagiri & Tokura 1 3 1 1 2 1 2
C.  cf. armoricana Kohlm. & Volkm.-Kohlm. 2 3 2 2 1
C. cinnamomea Koch 1 1 1 1 2 3 2
C. colossa Nakagiri & Tokura 1 3 1 2 3 1
C. filiformis Nakagiri 1 1 2 3 2
C. fusca Nakagiri & Tokura 1 1 1 2 1 2 3 3
C. gracilis Nakagiri & Tokura 1 1 2 1 1 1
C. intermedia Schmidt 1 2 3 1 1 1
C. lacera (Linder) Kohlm. 1
C. maritima Werdermann 2 2 4 2 4 5 5 4 3 3 5 2
C. pseudopulchella (& C. pseudopulchella-like) 2 1 1 4 1 4 2
Nakagiri & Tokura
C. pulchella Kohlm., Schmidt & Nair 1 1
C. quinqueseptata (& C. quinqueseptata-like) 1 3 1 2 3 3 3 1 1 2 2
Nakagiri & Tokura
Corollospora sp. 1 1 1 1 2 2
Corollospora sp. 2 1
Corollospora sp. 3 1 1
Halorosellinia oceanicum (Schatz) Whalley, 1
Jones, Hyde & Laessae
Halosarpheia fibrosa Kohlm. & Kohlm. 1
Halosphaeria appendiculata Linder 1 1 1 1 1
Halosphaeriopsis mediosetigera (Cribb & Cribb) 1 1 2 1 2 1 1
Johnson
Lindra obtusa Nakagiri & Tubaki 1 3 2 1
Lindra sp. 1 1 1 1
Lulworthia sp. (ascospores <240µm) 1 1 1 2 1 1 2 2 1 1
Lulworthia sp. (ascospores >240µm) 1 1 2 1 2
Marinospora calyptrata (Kohlm.) Cavaliere 1
Savoryella appendiculata Hyde & Jones 1
Torpedospora radiata Meyers 1 2 1 3 2 1 5 4
Trailia ascophylli Sutherland 1 1 1
Verruculina enalia (Kohlm.) Kohlm. & Volkm.- 1
Kohlm.
Basidiomycotina
Nia vibrissa Moore & Meyers 3 4 2 3 2 4 3 2 1 1 4 1
Mitosporic Fungi
Alternaria sp. 1 1 1 1 1 1 1 1 1
Asteromyces cruciatus Moreau & Moreau 2 5 5 2 3 1 2 1
(Hennebert)
Clavatospora bulbosa (Anast.) Nakagiri & Tubaki 1 1 1 3 1
Pestalotia sp. 1 1 1 1 1 1 1 1 2
Sigmoidea luteola Nakagiri & Tubaki 1 2 1 1
Varicosporina prolifera Nakagiri 2 3 1
Total Number of Species 13 13 13 16 19 19 22 24 23 23 26 24
delicate, were recorded. As fresh material, and especially
fruiting bodies, were not available, it has not been possible
to determine if the variants are different species.
Consequently, no separation was made and the C. pseudop-
ulchella-like and C. quinqueseptata-like spores were includ-
ed with the respective fungi in this survey.
Taxa such as Corollospora maritima, Asteromyces crucia-
tus, Lulworthia spp. and Nia vibrissa were present at all col-
lection sites. With the exception of Lulworthia spp.,
Kohlmeyer (1984) and Jones (1993) recognise these fungi
as cosmopolitan, i.e. tropical/subtropical and temperate, in
their distribution. However, other species regarded as cos-
mopolitan, viz. Torpedospora radiata and Clavatospora bul-
bosa, were found to be absent from the cold waters of the
west coast. Although some tropical/subtropical species, e.g.
Corollospora cinnamomea, C. fusca and Carbosphaerella
leptosphaerioides penetrated as far west as Wilderness,
Corollospora sp. 1 and C. filiformis were not found west of
Morgan Bay. The tropical species, Savoryella appendicula-
ta, was restricted to the near-tropical waters of the KwaZulu-
Natal north coast. At Morgan Bay a temperate species,
Asteromyces cruciatus, was common, although the overlap
between tropical/subtropical and temperate species was
more evident further westwards from this site. Certain tem-
perate taxa were also found typically in the colder waters of
the west and south coasts, e.g. Corollospora angusta,
Lindra obtusa and Asteromyces cruciatus, while Trailia
ascophylli, for example, was identified only from the west
coast. Clearly there is a warm water mycoflora which
extends south approximately as far as the Kei River (East
Coast Species; Table 3), a mixed flora along the south coast
(East and South Coast Species), and a cold water flora on
the west coast ( South-West and West Coast species). The
distribution of the species by geographical region (Table 3)
and their classification into groups is clearly shown by
TWINSPAN and also expressed on the DCA ordination
(Figure 2). These distribution patterns appear to be deter-
mined largely by the warm Agulhas Current on the east
coast, the cold Benguela Current on the west coast, and the
mixing of these currents on the south coast (Grundlingh
1978). Information from areas to the north of southern Africa
is needed to provide a more complete picture of distribution
patterns.
Although there were gaps in the distribution of some
spores, e.g. Corollospora gracilis, recorded intermittently
from Strand eastwards to Kosi Bay, nevertheless the species
probably does occur continuously along the coast between
these points. If so, the spores have simply not yet been iso-
lated from certain areas and the possibility exists that this
will be done in the future.
The occurrence of fewer taxa per collection site on the
west coast may be explained by the fact that the composi-
tion of communities generally shows a greater diversity at
low latitudes, i.e. towards the tropics (Tait 1981). Although
the species biodiversity was lower than on the warm east
coast, spore frequencies did not appear to show differences
along the coastline. While on the west coast there are fewer
rivers which enter the sea and bring plant debris from inland
areas, there are extensive offshore communities of kelp and
other macroalgae which supply beaches on this coast with
organic material.
Some of the spores, e.g. Halosarpheia fibrosa,
Verruculina enalia, belong to fungi which are normally found
in an estuarine habitat. These spores were identified from
sites adjacent to mangrove estuaries and were found in low
numbers. It is suggested that these fungi might have been
washed out of the estuary on a woody, possibly mangrove,
substrate (Kohlmeyer 1966). Similarly, Ceriosporopsis spp.
and Halosphaeria appendiculata are frequently found on
submerged wood in the marine habitat. These species were
all found in low abundance (Tables 1 and 3).
A sandy beach is an extremely dynamic environment
where sand, water and air are always in motion (Brown and
McLachlan 1990). The spores of many arenicolous fungi
show interesting adaptations to this environment.
Appendages on ascospores (e.g. Corollospora maritima)
and basidiospores (e.g. Nia vibrissa), radiate conidia (e.g.
Varicosporina prolifera) and the release of mucilage (e.g.
from apical cells of ascospores of Lulworthia spp.) are some
of the mechanisms which aid the entrapment of spores in
Table 2: Mean spore lengths of Corollospora fusca at different sampling sites along the east and south-east coasts
Sites Kosi System St Lucia Durban Morgan Bay St Francis Bay Wilderness
Mean spore length (µm) 121.2 ABa* 124.7 Aa 127.5 Aa 122.3 ABa 98.6 Cb 96.9 BCb
n 25 29 11 22 9 4
* Any two sites which do not have a letter in common differ significantly: capital letters denote significance at the 1% level, small letters show
significance at the 5% level
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Figure 2: Ordination of the sample sites on the first two axes of
DCA to show the distribution of the fungal communities by geo-
graphical region. Note that Axis 1 has been reversed to relate to the
geography of the coast more appropriately
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Table 3: Two-way association table of coastal regions and their diagnostic fungal species around the South African coast. For key to locali-
ties see Figure 1. Key to numbers in the table: 0 = absent; 1 = rare; 2 = occasional; 3 = frequent; 4 = common; 5 = abundant occurrence of
spores in surf zone
COASTAL REGIONS
A. KwaZulu-Natal (KZN) Coast B. Wild Coast C. South Coast D. South West Coast E. West Coast
Site No. 10 11 12 8 9 6 7 4 5 1 2 3
KZN Coast Species
Antennospora quadricornuta 1 1 1 1
Corollospora pulchella 1 1
Halorosellinia oceanicum 1
Halosarpheia fibrosa 1
Savoryella appendiculata 1
Verruculina enalia 1
Varicosporina prolifera 2 3 1
East Coast Species
Corollospora filiformis 2 3 2 1 1
Corollospora sp. 1 1 2 2 1 1
Lindra sp. 1 1 1 1
Clavatospora bulbosa 1 3 1 1 1
Antennospora salina 1
Arenariomyces majusculus 1 1 1
Ceriopsoropsis halima 1 1
South Coast Species
Corollospora sp. 2 1
Marinospora calyptrata 1
East & South Coast Species
Corollospora colossa 2 3 1 3 1 1
Carbosphaerella leptosphaeroides 1 3 2 3 2 1 1
Corollospora cinnamomea 2 3 2 1 1 1 1
Ceriosporopsis sundica 1 1 1
Corollospora sp. 3 1 1
Arenariomyces parvulus 1 5 2 3 1 1 2 1
East, South & SW Coast Species
Corollospora pseudopulchella 1 4 2 1 4 1 2
Corollospora fusca 2 3 3 2 1 1 1 1
Corollospora gracilis 1 1 1 2 1 1
Torpedospora radiata 1 5 4 3 2 2 1 1
Alternaria sp. 1 1 1 1 1 1 1 1 1
Pestalotia sp. 1 1 2 1 1 1 1 1 1
Halosphaeriopsis mediosetigera 1 2 1 2 1 1 1
South & West Coast Species
Corollospora angusta 1 2 1 2 1 3 1
Asteromyces cruciatus 1 1 2 2 3 2 5 5
SW & West Coast Species
Carbosphaerella pleosporoides 1 1 1
Corollospora intermedia 1 1 1 1 2 3
Corollospora lacera 1
Sigmoidea luteola 1 1 1 2
Corollospora cf. armoricana 2 1 2 3 2
West Coast Species
Lindra obtusa 1 1 3 2
Trailia ascophylli 1 1 1
Widespread Species
Corollospora quinqueseptata 1 2 2 1 3 3 2 3 1 3 1
Arenariomyces trifurcatus 2 5 2 4 3 3 3 1 3 1 1 1
Corollospora maritima 3 5 2 4 3 5 5 2 4 2 2 4
Halosphaeria appendiculata 1 1 1 1 1
Lulworthia sp. (<240µm) 1 1 2 2 1 1 1 2 1 1
Nia vibrissa 1 4 1 2 1 4 3 3 2 3 4 2
Lulworthia sp. (>240µm) 2 2 1 1 1
foam or sand (Kohlmeyer 1966, Kohlmeyer and Kohlmeyer
1979, Rees and Jones 1984, Hyde et al. 1993). The fruiting
bodies of certain arenicolous fungi are also adapted to a
habitat of constantly shifting grains of sand, e.g.
Corollospora spp., and this probably explains the large
diversity of this genus in the sandy beach habitat
(Kohlmeyer and Kohlmeyer 1979). 
Although certain tropical/subtropical species, e.g.
Corollospora fusca and C. cinnamomea, were recorded
along the south coast, their numbers were very much lower
than in areas from Morgan Bay northwards. In the case of C.
fusca, low numbers of ascospores were isolated at St
Francis Bay and Wilderness, whereas a similar number of
observations from Morgan Bay northwards revealed rela-
tively high numbers of these spores (Table 3). The signifi-
cantly shorter spores from the south coast sites suggest that
spore size may be influenced by the environment in that
under less favourable conditions smaller spores are pro-
duced. Similarly, cold water species, e.g. Asteromyces cru-
ciatus and Corollospora intermedia, decreased in abun-
dance from the west coast to the south coast.
Although highly reliable quantitative data were not avail-
able, it was clear from the total number of spores that were
observed, that fungi are present in large numbers on most
sandy beaches. These high numbers suggest that in local
sandy beach ecosystems marine fungi have an important
role in decomposition of organic material, especially the
remains of marine plants. Certain species, e.g. Corollospora
maritima, are known to have strong cellulolytic abilities
(Kohlmeyer 1966). Thus arenicolous marine fungi have a
similar function as litter-inhabiting fungi in forests and other
terrestrial habitats (Kohlmeyer and Kohlmeyer 1979).
Management must take into account the degrading organ-
isms in our sandy beaches. It is clear that in healthy, well-
managed ecosystems these organisms are abundant and
are effective in breaking down cellulose. Consequently,
management must ensure that sandy beach ecosystems are
maintained in a healthy state free from such harmful effects
as pollution.
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